ABSTRACT: Evaluation of the total antioxidant capacity of solid matrices without extraction steps is a very interesting 10 alternative for food researchers and also for food industries. These methodologies have been denominated by QUENCHER from 11 quick, easy, new, cheap, and reproducible assays. To demonstrate and highlight the validity of QUENCHER (Q) methods, values 12 of Q-method validation were showed for the first time, and they were tested with products of well-known different chemical The most commonly applied in vitro TAC methodologies 42 are based on diverse strategies to evaluate (1) the reducing 43 ability of antioxidants, such as the Folin−Ciocalteu (FC) and 44 ferric reducing/antioxidant power (FRAP) assays; (2) the 45 scavenging of stable free radicals by antioxidants, including the 46 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 47 and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays; and (3) 48 the scavenging of short-lived radicals by competition 49 mechanisms, such as peroxyl radicals in the oxygen radical 
■ INTRODUCTION
20 Natural antioxidants are increasingly demanded by the food 21 industry to prevent oxidative degradation reactions while 22 satisfying consumers' demands. Furthermore, there is growing 23 interest in knowing the antioxidant value of foods, food 24 supplements, and diets. Therefore, in recent decades, several in 25 vitro and in vivo assays have been developed to determine the 26 total antioxidant capacity (TAC) of foods and biological 27 The most commonly applied in vitro TAC methodologies 42 are based on diverse strategies to evaluate (1) the reducing 43 ability of antioxidants, such as the Folin−Ciocalteu (FC) and 44 ferric reducing/antioxidant power (FRAP) assays; (2) the 45 scavenging of stable free radicals by antioxidants, including the 46 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 47 and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays; and (3) 48 the scavenging of short-lived radicals by competition 49 mechanisms, such as peroxyl radicals in the oxygen radical was started, and 0.1 mL of the AAPH solution was added after 2.5 min.
208
The fluorescence decay curve was monitored for 100 min. Q-SRSC Assay. The Q-SRSC procedure was adapted from the 215 method described by Liu et al. 28 and Rivero-Peŕez et al. 25 Briefly, 1.5 ± 216 0.005 mg of the products was added to the test tube and mixed with a 217 1.5 mL final volume of 78 μM NADH, 50 μM NBT, and 10 μM PMS 218 in 16 mM buffer Tris-HCl (pH 8.0). After the mixture had been 219 shaken for 10 s, the absorbance (A) of the samples (S) at 560 nm was 220 measured. "Oxidized controls" (OC; without products) and "sample 221 controls" (SC; products and buffer) were also prepared. The results 222 are expressed as oxidation inhibition percentages by the equation Q-LPSC Assay. This assay was adapted from the method described 237 by Rivero-Peŕez et al. 25 The experiments were carried out in rat liver 238 microsomal preparations, 30 and lipid peroxidation was induced using 239 AAPH as oxidant. The total microsomal protein content was 240 determined using the Bradford method. 31 A microsomal solution 241 containing 10 mg/mL protein in 0.1 M Na 4 P 2 O 7 buffer (pH 7.4) was 242 prepared and stored at −80°C until the day of analysis; 0.2 ± 0.005 243 mg of the tested products was placed into a screw-top tube, and 400 244 μL of 50 mM Tris-HCl buffer (pH 7.0), 50 μL of the microsomal 245 solution, and 50 μL of 100 mM AAPH solution in the Tris-HCl buffer 246 were added. OC and SC (replacing the AAPH solution by Tris-HCl 247 buffer) were also prepared. The tubes were incubated at 37°C for 90 248 min under continuous stirring. Then, 750 μL of TCA (2.8% w/v) and 249 500 μL of TBA (1% w/v) were added, and the capped tubes were 250 shaken and heated at 100°C for 15 min. Seven hundred and fifty 251 microliters of the reaction mixture was transferred to another tube, and 252 the TBA reactive substances were extracted with the same volume of 253 butanol. The absorbance at 532 nm of the butanol extract was 254 measured, and the results were expressed as oxidation inhibition 255 percent with respect to the OC sample following eq 1. The main modification from other Q-TAC assays was the 274 selection of aqueous reaction mediums whenever the method- 
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Article 338 Validation of the Q-TAC and Q-FRSC Methods. The 339 validation study was done by the examination of the following 340 parameters: linearity, proportionality, detection limits, and 341 precision (repeatability and intermediate precision). 32 In the 342 case of Q-FRSC assays (Q-SRSC, Q-HRSC, and Q-LPSC), 343 only the precision was evaluated because in these methods a 344 calibration curve is not needed. In the Q-TAC methodologies 345 (Q-FC, Q-FRAP, Q-ABTS, Q-DPPH, and Q-ORAC), a dose− 346 response curve was obtained by testing different amounts of the 347 standard used in each method. The calibration was performed 348 using linear models and the least-squares (LS) method. predictive purposes was performed ( Table 2 ). The conditions 367 of proportionality were corroborated for all methods except Q- 
units, absorbance units (Q-FC, Q-FRAP, Q-ABTS, Q-DPPH); net area under the curve (net AUC) (Q-ORAC).
e GAE, gallic acid equivalents; Fe(II)E, iron(II) equivalents; TE, Trolox equivalents. Having studied the acceptability of the linear models, the 378 detection limits y d (detection signal) and x d (capability of 379 detection) of the assessed methodologies were determined as 380 described by Ortiz et al. 33 In general, low limits of detection 381 were observed ( 
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Article 547 calibration curves of Q-TAC methodologies carried out in this 548 study were performed by weighing directly the standards, 549 without their previous dilution in any solvent. Thus, the lower 550 solubility of Trolox in water than in organic solvents played a 551 critical role in the response observed in each method, as 552 previously described by other authors. 9 This fact may lead to 553 lower Q-TAC values in the Q-ABTS than in the Q-ABTS 554 (H 2 O:EtOH) assay due intrinsically to the methods used rather 555 than the samples analyzed. Therefore, as the numeric Q-TAC 556 values obtained by the Q-ABTS assays may not be directly 557 comparable, the tendency observed among the samples (higher 558 or lower Q-TAC values) was the main interest of these 559 analyses.
560
The Q-TAC of Sk, W, and Sd obtained using the Q-FC and f1 561 Q-ABTS assays can be seen in Figure 1 . As previously described 562 for classical methods, 1,39 the reaction medium greatly 563 influenced the Q-TAC results, with both soluble compounds 564 and insoluble antioxidants attached to the powdered products 565 being affected by the solvent used in the Q-TAC assays. A 566 similar tendency was observed in both Q-FC and Q-ABTS 567 assays when water was replaced by a mixture of H 2 O:EtOH 568 (1:1, v/v) as reaction medium. A significant increase in the Q-569 TAC values of Sd was observed, reaching higher antioxidant 570 capacity than W, for which Q-TAC was also enhanced, but to a 571 lesser extent. The Sk product showed the lowest Q-TAC in 572 both Q-FC (H 2 O:EtOH) and Q-ABTS (H 2 O:EtOH) assays. 573 Similar results were obtained in previous studies 21 carried out 574 using conventional methodologies including extraction steps 575 with organic solvents. Indeed, a good correlation between 576 general results obtained using Q-TAC (H 2 O:EtOH) and 577 classical methods was observed. In contrast, this fact was only 578 found between Q-TAC (carried out in water) and classical 579 methods when the matrices under study were rich in 580 hydrophilic antioxidants (Supporting Information 2).
581
Differences among results obtained for the three model 582 products using the different Q-TAC methods can be partly 583 explained by their chemical composition, the solubility of their 584 antioxidant compounds in the reaction medium, and their 585 redox reactions with the radical probes or reagents used in each 586 assay. With regard to the chemical composition of the model 587 products tested, it is important to have in mind that skins of 588 grapes are a rich source of anthocyanins and hydroxycinnamic 589 acids, although they also contain some flavanols and flavonol 590 glycosides, whereas gallic acid, flavanols, and proanthocyanidins 591 are mainly present in the seeds of grapes. 
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